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ABSTRACT 



A method for forming substantially uniformly thick, ther- 
mally grown, silicon dioxide material on a silicon body 
independent of axis. A trench is formed in a surface of the 
silicon body, such trench having sidewalls disposed in 
different crystallographic planes, one of such planes being 
the <100> crystallographic plane and another one of such 
planes being the <110> plane. A substantially uniform layer 
of silicon nitride is formed on the sidewalls. The trench, with 
the substantially uniform layer of silicon nitride, is subjected 
to a silicon oxidation environment with sidewalls in the 
<110> plane being oxidized at a higher rate than sidewalls 
in the <100> plane producing silicon dioxide on the silicon 
nitride layer having thickness over the <110> plane greater 
than over the <100> plane. The silicon dioxide is subjected 
to an etch to selectively remove silicon dioxide while 
leaving substantially un-etched silicon nitride to thereby 
remove portions of the silicon dioxide over the <100> plane 
and to thereby expose underlying portions of the silicon 
nitride material while leaving portions of the silicon dioxide 
over the <110> plane on underlying portions of the silicon 
nitride material. Exposed portions of the silicon nitride 
material are selectively removed to expose underlying por- 
tions of the sidewalls of the trench disposed in the <100> 
plane while leaving substantially un-etched portions of the 
silicon nitride material disposed on sidewalls of the trench 
disposed in the <110> plane. The structure is then subjected 
to an silicon oxidation environment to produce the substan- 
tially uniform silicon dioxide layer on the sidewalls of the 
trench. 

7 Claims, 6 Drawing Sheets 
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FIG. 1A 




6/23/2005, EAST Version: 2.0.1.4 



U.S. Patent May 25, 2004 Sheet 2 of 6 US 6,740,555 Bl 



FIG. 1C 
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FIG. 2 A 
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FIG. 2C 
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SEMICONDUCTOR STRUCTURES AND 
MANUFACTURING METHODS 

BACKGROUND OF THE INVENTION 5 

This invention relates generally to semiconductor struc- 
tures and manufacturing methods and more particularly to 
the growth of silicon dioxide material on silicon semicon- 
ductor bodies with thicknesses substantially independent of 
the crystallographic orientation of the wall upon which such 10 
material is grown. 

As is known in the art, many applications require the 
formation of silicon dioxide material on the walls of a silicon 
semiconductor body. One such application is in the forma- J5 
tion of a gate oxide in a field effect transistor (FET). There, 
the silicon dioxide is generally thermally grown on the 
silicon body to provide a gate oxide for the FET. After such 
formation, a gate stack, i.e., electrode, is formed on the 
grown silicon dioxide. Next, ions are implanted through the 0Q 
grown silicon dioxide gate material. After activation of the 
ions by an anneal process, the source and drain regions for 
the FET are provided. 

SUMMARY OF THE INVENTION 

25 

In accordance with one feature of the invention, a method 
is provided for forming substantially uniformly thick, ther- 
mally grown, silicon dioxide material on sidewall portions 
of a trench in a surface of a single crystal semiconductor 
body independent of crystallographic axis. 30 

In accordance with one embodiment of the invention, a 
method is provided for forming a thermally grown oxide on 
a surface having surface portions thereof disposed in differ- 
ent crystallographic planes. The method includes providing 
a relatively thin material on selected ones of the surface 35 
portions, such selected ones of the surface portions having 
crystallographic planes which, when subjected to a thermal 
oxidation process, grow such oxide at a relatively higher rate 
then the rate such oxidation process grows such oxide on 
un -selected surface portions disposed in other crystallo- 40 
graphic planes. The surface portions are subjected to the 
oxidation process to grow the oxide with a thickness greater 
than the thickness of the material, such oxide being grown 
over the selected surface portions and the un-selecled sur- 
face portions with a substantially uniform thickness. 45 

In one embodiment of the invention, a trench in a surface 
of a single crystal silicon body, such trench having sidewalls 
disposed in different crystallographic planes, one of such 
planes being the <100> crystallographic plane and another 
one of such planes being the <110> plane. A substantially 50 
uniform layer of silicon nitride is formed on the sidewalls of 
the trench. The trench, with the substantially uniform layer 
of silicon nitride on the sidewalls thereof, is subjected to a 
silicon oxidation environment with sidewalls in the <110> 
plane being oxidized at a higher rate than sidewalls in the 55 
<100> plane producing silicon dioxide on the silicon nitride 
layer having thickness over the <110> plane greater than 
over the <100> plane. The silicon dioxide is subjected to an 
etch which selectively removes silicon dioxide while leaving 
substantially un -etched silicon nitride, such subjecting being 60 
for a time selected to remove portions of the silicon dioxide 
over the <100> plane to thereby expose underlying portions 
of the silicon nitride material while leaving portions of the 
silicon dioxide over the <110> plane on underlying portions 
of the silicon nitride material. Exposed portions of the 65 
silicon nitride material are selectively removed to expose 
underlying portions of the sidewalls of the trench disposed 



,555 Bl 

2 

in the <100> plane while leaving substantially un-etched 
portions of the silicon nitride material disposed on sidewalls 
of the trench disposed in the <110> plane. The exposed 
underlying portions of the sidewalls of the trench disposed 
in the <100> plane and the un-etched portions of the silicon 
nitride material disposed on sidewalls of the trench disposed 
in the <U0> plane are subjected to an silicon oxidation 
environment with the exposed sidewalls in the <100> plane 
being oxidized at substantially the same rale as the sidewalls 
in the <110> plane having the un-ctched silicon nitride 
material thereon to produce a substantially uniform silicon 
dioxide layer on the sidewalls of the trench. 

In accordance with another feature of the invention, a 
single crystal semiconductor body is provided having a 
trench with sidewall portions disposed in different crystal- 
lographic planes of the body, such sidewall portions having 
thereon substantially uniformly thick, thermally grown, sili- 
con dioxide material. 

BRIEF DESCRIPTION OF THE DRAWING 

These and other features of the invention, as well as the 
invention itself, will become more readily apparent from the 
following detailed description when read together with the 
accompanying drawings, in which: 

FIGS. 1A through IE are cross-section elevation views of 
a semiconductor structure at various stages in the fabrication 
thereof according to the invention; 

FIGS. 2 A through 2E are cross-section plan views of the 
semiconductor structure of FIGS. 1A through ID, the cross- 
section of FIG. 2B being taken along line 2A — 2A in FIG. 
1C; and 

FIGS. 3 A through 3D are cross-section plan views of a 
semiconductor structure at various stages in the fabrication 
thereof according to another embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1A, a semiconductor structure L0, 
is shown. The structure 10 includes a single crystal silicon 
substrate 12 having in a upper surface 14 thereof a trench 16. 
Here, the substrate 12 is P type doped silicon. The upper 
surface 14 is here disposed in the <100> crystallographic 
plane of the silicon substrate 12. The trench 16 is a generally 
oval shape in the plane of the upper surface 14, as will be 
described in more detail in connection with FIG. 2 A. Suflice 
it to say here, however, that because of the oval shape, 
shown dotted in FIG. 2 A, it follows therefore that sidewalls 
18 of the trench 16 are disposed in a number of different 
crystallographic planes, the most significant planes under 
consideration here are the <100> and <110> planes as shown 
in FIG. 2A by the hexagonal approximation to the oval 
shaped periphery of the trench 12. 

Referring again to FIG. 1A, a dielectric layer 20, here a 
thin lower layer 22 of silicon dioxide and a thicker, upper 
layer 24 silicon nitride is also provide in a conventional 
manner. The bottom portion of the trench 16 is formed to 
provide a trench capacitor for a Dynamic Random Access 
Memory (DRAM) cell. Thus, the bottom portion of the 
trench 16 is covered with a node dielectric 26 and a 
dielectric collar 28, arranged in a conventional manner as 
shown. Disposed in the trench 16 is an electrical conductor 
30 (i.e., one electrode of the capacitor), here doped poly- 
crystalline silicon. A buried electrode 32 is formed in the 
substrate 12 in any conventional manner to provide the 
second electrode of the capacitor. 
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Referring now to FIG. IB, the upper portions of the environment at 800 to 900 degrees Centigrade to a thickness 

polycrystalline silicon conductor 30 are removed in any of 50 Angstroms on the <100> plane. The presence of the 

convention recessing process. Next, a trench top oxide silicon nitride layer 40 leads, in this case, to a reduction of 

(TTO) layer 34 is formed over the top portion of the trench the oxidation rate of a factor of 2, as noted above. Therefore, 

16, as indicated. The TFO 34 is a deposited oxide. The 5 if one measures the thickness of the first silicon dioxide layer 

deposition of the TTO 34 results in a thinner deposition on 42, such layer 42 will have a thickness of 25 Angstroms over 

the sidewalls 18 of the trench 16 than on the polycrystalline the sidewalls 18 of the trench in the <100> plane and a 

silicon 30. Typically, the thickness of the TTO 34 on the thickness of 50 Angstroms over the sidewalls 18 of the 

sidewalls 18 is about 300 Angstroms and on the polycrys- trench in the <110>. 

talline silicon 30 about 1000 Angstroms. 10 N exlj the structure shown in FIG. 2B is subjected to a wet 

Next, a timed, wet etch is used to remove, in this example, etch which is selective to silicon dioxide; that is, an etch, 

about 300 Angstroms of the TTO 34, thereby removing the here dilute hydrofluoric acid, which etches the first silicon 

TTO 34 from the sidewalls 18 of the trench 16 while leaving dioxide layer 42 while leaving substantially un-eiched sili- 

about 700 Angstroms of TTO on the polycrystalline silicon con nitride layer 40. Thus, the wet etch is chosen such that 

30, as indicated in FIG. 1C. ^ only the thin, here 25 Angstroms thick, first silicon dioxide 

Referring now to FIG. 2A, the cross-section of the upper l aver 42 is removed while 25 Angstroms of the first silicon 

portion of the trench 16 in FIG. 1C is shown. It is noted that dioxide layer 42 remain on the portions of the silicon nitride 

after removal of the TTO 34 on the sidewalls of the trench layer 40 disposed over the silicon trench sidewalls 18 

16, the silicon sidewalls 18 of the upper portion of trench 16 disposed in the <110> planes. 

arc exposed. 20 Next, and referring also to FIG. 2D, the structure in FIG. 

Next, the structure shown in FIGS. 1C and 2B are exposed 2 C is brought into contact with any conventional wet etch 

to a thermal nitridation process to create a thin, substantially selective to silicon nitride. Thus, only the exposed portions 

uniform, silicon nitride layer 40 (FIG. 2B) over the sidewalls of the silicon nitride layer 40, i.e., the portions of the silicon 

18 of the upper portion of the trench 16, i.e., on the silicon nitride layer 40 disposed over the silicon trench sidewalls 18 

sidewalls 18 of the trench 16. It is noted that the nitridation disposed in the <110> planes, are removed thereby exposing 

is self limiting, I tierefore, the thickness of the silicon nitride underlying portions of the sidewalls of the silicon trench 16 

40 is independent of the crystal lographic plane upon which disposed in the <110> planes. It is noted that, as a next step, 

it is grown. It is noted that different nitridation techniques lhe thin first silicon dioxide layer 42 over the silicon sidewall 

may be used. For example, here the thermal nitridation is in 3Q 18 portions of the trench 16 in the <100> plane, may be, 

an ammonia (NH 3 ) atmosphere at low pressure, e.g., lOTorr. optionally, removed. 

The thickness of the silicon nitride layer 40 is here, for Next, the structure shown in FIG. 2D is subjected to a 

example, 5 Angstroms to 20 Angstroms. Alternatively, the second thermal oxidation process to form, at a relatively 

thermal nitridation process may be performed as follows: A high oxidation rate on silicon sidewalls 18 in the <100> 

conformal plasma ion implantation of N 2 can be made into. 35 plane and at a lower (i.e., one-half) oxidation rate, on the 

the trench sidewalls. The implantation dose is selected silicon sidewalls in the <110> planes because of the presence 

between lxlO 34 per cm 2 and lxlO 5 per cm 2 . After the of the silicon nitride on such sidewalls 18. The resulting 

implantation, the oxide is thermally grown. During the structure is shown in FIG. 2E By choosing the proper 

oxidation process, the nitrogen diffuses to the silicon -silicon nitridation, first and second oxidation thicknesses and oxi- 

dioxide interface and thereby forms a very thin nitride layer. 4Q dation process temperature, an optimum process can be 

Next, the structure shown in FIG. 2B, is placed in an designed for a target uniform silicon dioxide thickness ratio 

oxidation environment to thermally grow a first silicon between the <100> and <110> plane thereby resulting in a 

dioxide layer 42. It is noted that the thickness of the silicon substantially uniform gate oxide layer 44 on the sidewall 18 

dioxide layer 42 is dependent on the cryst allographs plane if the silicon trench 16 independent of the crystallographic 

in which the sidewall 18 of the silicon trench 16 is disposed. 45 P lane u P on which the silicon dioxide layer 44 is grown. The 

Here, however, the oxidation rate of the silicon is reduced on resulting structure is shown in FIGS. ID and 2E; it being 

sidewalls 18 of the silicon substrate 12 having the silicon noled tnal there has been an out-diffusion of the dopant in 

nitride layer 40. When the oxidation temperature is, for lhe do P ed polycrystalline silicon 30 through a buried strap 

example, 750 to 1000 degrees Centigrade, the thickness of region 50 formed on the sidewalls 18 of the trench 16 

the silicon dioxide layer 42 on the sidewalls 18 of the silicon 50 be t ween tne bottom TTO 34 and the buried dielectric collar 

trench in the <100> plane is half the thickness on the 28 > as indicated. This diffusion region provides the source/ 

sidewalls of the silicon trench in the <110> plane. Further, drain region, here the drain region D, of the DRAM cell 

if under such oxidation conditions, the silicon trench 16 transistor and is electrically connected to-the doped poly- 

sidewalls 18 were not covered with silicon nitride layer 40, crystalline silicon 30 through the doped buried strap region 

growth of silicon dioxide layer to a thickness of 100 Ang- 55 50. 

stroms on the sidewalls 18 in the <110> plane would yield It is noted that the resulting gate dielectric (i.e., the silicon 

a thickness of silicon dioxide layer of 50 Angstroms on the dioxide layer 44) is different for the <100> plane and the 

sidewalls in the <100> plane; however, if under the same <110> plane; the former gate dielectric having the about 50 

oxidation conditions, the thin layer of silicon nitride were on Angstroms thick second silicon dioxide layer and the latter 

the silicon sidewalls 18 of the trench, the thickness of the 60 gate dielectric having a bottom layer of about 5 Angstroms 

silicon dioxide over the sidewalls 18 in the <110> plane thick silicon nitride, an intermediate, optional, layer of about 

would be 50 Angstroms while the thickness of- silicon 25 Angstroms thick first silicon dioxide layer; and an upper 

dioxide over the sidewalls 18 in the <100> plane would be layer of about 25 Angstroms thick second silicon dioxide 

25 Angstroms. layer. 

As an example, a low temperature thermal nitridation at 65 Referring to FIG. IE, the structure shown in FIG. ID is 

500 to 700 degrees Centigrade in NH 3 is performed. The first then processed in any conventional manner to complete the 

silicon dioxide layer 42 is thermally grown in an oxidizing transistor portion of the DRAM cell, 59 i.e,.form a drain/ 
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source region, here source region, S, wilh its electrical 
contact 60 and the metal electrode 62 tor the gate disposed 
on a doped polycrystalline silicon material 64 disposed in 
the upper portion of the trench. The contact to the drain 
electrode is through the buried plate using a conventional 
deep implantation through the surface of the substrate to a 
buried layer connected to the buried plate in any conven- 
tional manner. 

Referring now to FIG. 3A to 3D an alternative embodi- 
ment of the invention is shown. Here, and referring to FIG. 
3A, a rectangular trench 80 is formed in a silicon substrate 
82 with the sidewalls 84 thereof disposed in the <110> 
crystallographic plane of the silicon substrate 82. 

Referring to FIG. 3B, the structure shown in FIG. 3A is 
subjected to a thermal nitridation process such as described 
above in connection with FIG. 2B where a thin silicon 
nitride layer 88 is formed. Next, the structure is subjected to 
an oxidation process such as described above in connection 
with FIG. 2B to produce a layer 90 of silicon dioxide. It is 
noted that layer 90 of silicon dioxide is not uniform in 
thickness because of the change in crystallographic orien- 
tation at the corners 92 of the rectangular shaped trench 90. 
Thus, as shown in FIG. 3B, the thickness of the silicon 
dioxide layer 90 is tapped down in thickness as the layer 90 
progress from the sides of the rectangle to the comers 92 of 
the rectangle, as indicated in FIG. 3B. 

Referring now to FIG. 3C, the structure shown in FIG, 3B 
is subjected to an etch to reduce the thickness of the thicker 
silicon dioxide layer 90 (FIG. 3B) to a thinner layer 90' over 
the sidewalls 84 of the trench 80 while completely removing 
the thinner portions of the silicon dioxide layer 90 (FIG. 3B) 
in the corner regions 92 of the trench 80 thus exposing 
portions of the underlying silicon nitride layer 84 in the 
corner regions of the trench. The exposed portions of the 
silicon nitride layer are selectively removed as described in 
FIG. 2D to expose the portions of the silicon 82 in the 
corners 92 as indicated in FIG. 3C. Thus, the structure 
shown in FIG. 3B is processed in the same manner as 
described above in connection with FIG. 2D. 

Next, the structure shown in FIG. 3C is subjected to a 
second thermal oxidation process as described above in 
connection with FIG. 3E to produce the structure shown in 
FfG. 3D. It is noted that the structure in FIG. 3D has 
increased silicon dioxide material 98 thickness in the corner 
regions as compare with the structure shown in FIG. 3B. 
Thus, stress related oxide thinning in the corners has been 
reduced. 

Other embodiments are within the spirit and scope of the 
appended claims. 
What is claimed is: 

1. A method comprising forming substantially uniformly 
thick, thermally grown, silicon dioxide material on sidewall 
portions of a trench in a surface of a single crystal semi- 
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20 



25 



portions having crystallographic planes which, when 
subjected to a thermal oxidation process, grow such 
oxide at a relatively higher rate than the rate such 
oxidation process grows such oxide on un -selected 
5 surface portions disposed in other crystallographic 
planes; 

subjecting the surface portions to the oxidation process to 
grow the oxide with a thickness greater than the thick- 
ness of the material, such oxide being grown over the 
10 selected surface portions and the un-selected surface 
portions with a substantially uniform thickness. 

3. A method for forming a thermally grown oxide on a 
surface having surface portions thereof disposed in dilTerent 
crystallographic planes, comprising: 

providing a trench in a surface of a single crystal silicon 
body, such trench having sidewalls disposed in differ- 
ent crystallographic planes, one of such planes being 
the <100> crystallographic plane and another one of 
such planes being the <110> plane; 
forming a substantially uniform layer of silicon nitride on 

the sidewalls of the trench; 
subjecting the trench with substantially uniform layer of 
silicon nitride on the sidewalls thereof to a silicon 
. oxidation environment with sidewalls in the <U0> 
plane being oxidized at a higher rate than sidewalls in 
the <100> plane producing silicon dioxide on the 
silicon nitride layer having thickness over the <LL0> 
plane greater than over the <100> plane; 
30 subjecting the silicon dioxide to an etch which selectively 
removes silicon dioxide while leaving substantially 
un-etched silicon nitride, such subjecting being for a 
time selected to remove portions of the silicon dioxide 
over the <100> plane to thereby expose underlying 
35 portions of the silicon nitride material while leaving 
portions of the silicon dioxide over the <110> plane on 
underlying portions of the silicon nitride material; 
selectively removing exposed portions of the silicon 
nitride material to expose underlying portions of the 
40 sidewalls of the trench disposed in the <100> plane 
while leaving substantially un-etched portions of the 
silicon nitride material disposed on sidewalls of the 
trench disposed in the <110> plane; 
subjecting the exposed underlying portions of the side- 
45 walls of the trench disposed in the <100> plane and the 
un-etched portions of the silicon nitride material dis- 
posed on sidewalls of the trench disposed in the <110> 
plane to an silicon oxidation environment with the 
exposed sidewalls in the <100> plane being oxidized at 
50 substantially the same rate as the sidewalls in the <110> 
plane having the un-etched silicon nitride material 
thereon to produce a substantially uniform silicon diox- 
ide layer on the sidewalls of the trench. 

4. The method of claim 1 wherein one of the sidewall 



conductor body, such sidewall portions being disposed in 55 portions is disposed in a <100> crystallographic plane and 



different crystallographic planes of the body, the sidewall 
portions disposed in one of the different crystallographic 
planes growing the silicon dioxide material at a substantially 
different rate than .the growth of such silicon dioxide mate- 
rial on the sidewall portions disposed in another one of the 
different crystallographic planes when the sidewall portions 
of the trench are subjected to a thermal oxidation process. 

2. A method for forming a thermally grown oxide on a 
surface having surface portions thereof disposed in different 
crystallographic planes, comprising: 

providing a relatively thin material on selected ones of the 
surface portions, such selected ones of the surface 



another one of the sidewall portions is disposed in a <LL0> 
crystallographic plane. 

5. The method of claim 2 wherein the relatively thin 
material is silicon nitride. 
60 6. The method of claim 2 wherein the relatively thin 
material is less than approximately 20 Angstroms. 

7. The method of claim 2 wherein the relatively thin 
material forms a layer which is thinner than the correspond- 
ing oxide layer grown on the selected and unselected surface 
65 portions. 
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